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Abstract
Experimentation into the dehydration reaction of 2-methyl-3-buten-2-ol (MBO) to
2-methyl-1,3 -butadiene (isoprene) sought to utilize the Fast Isoprene System (FIS) for

MBO eddy covariance flux measurements. It was hypothesized that a catalytic converter

could be engineered with the following properties: full conversion of MBO to isoprene in
real time, with no loss or retention, and with a 2 L/min flow rate. Acidic alumina was
selected as a catalyst with adequate conversion and flow rate throughput. The full
conversion of MBO to isoprene was achieved using a 60mg acidic alumina catalytic
converter at a 3.69 sLpm throughput. However, there was 40% sample loss due to either

retention of MBO, or the conversion of MBO to products other than isoprene. Finally, a

catalytic converter switching box was also engineered to switch the inlet between streams
bypassing the converter and streams going through the converter.
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Introduction
Biogenic volatile organic compounds (VOC’s) are a class of chemicals emitted from
a biological origin. 2-methyl-l,3-butadiene (isoprene) and 2-methyl-3-buten-2- (MBO)
are two of the major VOC constituents in ponderosa and loblolly pine forests. Indeed,

five species of North American pines are the world’s only known biogenic MBO
emitters1. On a global level, MBO is only a very small percentage of the total carbon

output compared to isoprene. However, in the ponderosa and loblolly pine forests, MBO
fluxes exceed those of isoprene. ’ Science is just now realizing the importance of this
ratio in considering the contribution MBO emitted by North American pine forests has in
atmospheric chemistry. For atmospheric scientists, it is of value to study the interaction

between the forest and the boundary layer, or that area of the atmosphere that interacts
with the biosphere. To understand the mass flow in and out of the forest, which should

be equal, flux measurements, or the amount of a chemical compound that goes through a

particular volume per unit time, are measured. In particular, MBO is of value because it
undergo a series of reactions that result in the formation of ozone, and other major

atmospheric reactants and products.1’2,3
Of special concern for the analytical chemist is the recent production of an

instrumental method that measures the concentration of isoprene at 10Hz. This
instrument, called the Fast Isoprene Sensor (FIS) is now being used in the field. The FIS
is a chemiluminescence isoprene specific detector. As isoprene reacts with ozone in a
reaction cell, isoprene degrades into compounds that undergo chemiluminescence3. The
FIS along with other fast sensors has revolutionized the area of biogenic VOC flux
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measurements. However, no robust field instrument has been deployed to effectively
measure MBO flux in real time at remote locations.

Currently, the Relaxed Eddy Accumulation (REA) and the Disjunct Eddy
Accumulation (DEA) techniques are used to measure MBO flux. The REA, connected to
a sonic anemometer, collects vertical wind samples into separate Teflon bags depending

on if the wind is blowing up or down, and only when the velocity overcomes a certain
threshold. The amounts of MBO in the two bags are then analyzed to determine the
MBO flux. REA is inaccurate because not all of the wind is sampled. Also, each run
takes at least 30 minutes. This means that the fine detail of the flux is lost over such a

large sampling time.1,2 In DEA set sample amount is taken at given time intervals

regardless of the wind velocity, but still separates samples into different canisters

depending on the direction of the vertical wind. In this way, a good cross section of wind
velocities is obtained. However, one run still takes 30 min. and the sample is diluted by
sampling low velocity eddies that do not carry much analyte. A diluted sample is more

problematic because there is less difference in the concentration of analyte from the

downward blowing wind and the upward blowing wind.

If a fast MBO instrument could be devised, then the measurement of MBO flux
would be revolutionized just as the FIS revolutionized the way isoprene flux

measurements are taken. This is because the eddy covariance method could then be
incorporated. In this method the covariance in the product of the analyte concentration
and the vertical wind velocity is taken. This method thus requires a fast 10 Hz sensor to

give a real time look at the analyte concentration, and a 10 Hz sonic anemometer for
wind speed and direction.
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A program instituted to build a fast MBO sensor would be of major scientific value
for those interested in MBO flux, atmospheric chemistry, and atmospheric dynamics in

general. As stated in the hypothesis, such an instrument would have to convert MBO, a

tertiary alcohol, into isoprene through a dehydration reaction (Fig. 1). The conversion

MBO
(2-Methyl-3-Butan-2-ol)

Isoprene
(2-Methyl-1,3-Butadiene)

OH

HC-C-CH = CH

r3?°,L>

HC = C-CH = CH + HO
CH3J

CH3
Figure 1. The Dehydration Reaction of MBO to Isoprene.

would have to be 100% so that all of the isoprene signal would have come from MBO.
Also, a flow rate of at least 2.0 sLpm must be maintained through the catalytic converter,
which equate to approximately 1 sLpm through the FIS reaction cell. Failure in this area

will render the FIS too insensitive to measure fluxes, because sensitivity is directly linked

to flow through the reaction cell. In addition, the reaction time must be at least ten
seconds to enable the FIS to sample eddies lasting short periods of time. If the converter

retains MBO for tens of seconds, overlap of concentrations between two brief up and
down eddies would result. This overlap dampens out flux measurements and leads to

inaccurate data. The real world measurements could be achieved using a flow switching
mechanism. Since both isoprene and MBO are emitted from North American pine

forests, one inlet would be designated to measure the isoprene in the air, and the other
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would be a combination of ambient isoprene and MBO converted to isoprene. The FIS

signals could then be analyzed to determine the concentration of MBO that could be
coupled to sonic anemometer data to obtain an MBO flux.

The development of a fast MBO flux sensor would be of scientific value in three

major ways. First it would provide the world’s first real time MBO flux data. Secondly,
its design would be a first in science as there is no published information on the
dehydration reaction of MBO to isoprene at the concentrations and flow rates needed for
flux measurements. Finally, it would allow for the simultaneous study of canopy MBO

emitters and under story isoprene emitters to further understand the dynamics the canopy
has on isoprene flux and its relation to MBO flux. These chemicals go on to produce
ozone and other important atmospheric chemicals. More importantly, information

concerning MBO and isoprene flux help atmospheric scientists understand and model the
carbon exchange between the forest and the atmosphere.
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Experimental Section
In order to determine whether it was possible to completely convert MBO to

isoprene, it was important to test several catalysts. It was recently observed that the

MBO in VOC air samples collected on Carbotrap cartridges, a type of carbon sieve,
degrades into isoprene upon being desorbed from the sieve4. Since the standard practice
for analysis of gas samples involves adsorption onto a carbon sieve, followed by

desorption onto a GC column, it was hard to tell if MBO was being converted by the

catalytic converter or by the carbon sieve. Three types of carbon sieves were tested to

collect the catalytic converter effluent for analysis: Carbotrap, Air Toxic, and Tenax TA.

To test which of these traps converted the least MBO to isoprene, the apparatus in

Figure 2 was created. First a gas dilution system from a 10 sLpm mass flow controller
(MFC) used for zero air, and a 50 seem MFC for the MBO standard (10.2 ppmv Scotts

Figure 2. The Initial Converter Apparatus. This apparatus
that allows for the 500 mL of catalytic converter elution to be
collected onto a carbon sieve.
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Gas, isoprene standard is 10.3 ppmv Scotts Gas) was made. The carbon sieve was placed
after the dilution system. To tell how much gas had passed through the sieve, an

evacuated 5L canister was placed after the carbon sieve and measured the pressure
change as gas entered it. The change in pressure and the maximum volume of the
canister were used to calculate how much gas had entered the canister. In this case

sampling 500ml of sample equates to a change in pressure of 76 torr. Thus 500 ml were

sampled for each run. When sampling was complete, the cartridge was disconnected and
desorbed using the ATD-400, an auto sampler and thermal desorption instrument for
cartridges. The cartridge was desorbed onto a column and analyzed by using peak simple
software. The CG-FID was set for 15 psi of helium as the carrier gas. The temperature

was set to hold at 35 °C for two minutes, increase at 20 degrees a minute for eight
minutes and then hold at 200 °C for 2 minutes to bake contaminants off the column.
Isoprene eluted between 2.3 to 2.5 minutes whereas MBO eluted at 4.4 to 4.6 min. The

heights of the MBO and isoprene peaks were compared to calculate the conversion factor,

or what percent of MBO was converted to isoprene. Tenax was chosen because it

converted the least (3.8%) of MBO to isoprene. This will be discussed in more detail in
the Results and Discussion section.
Alumina, silica, were tested for their conversion capability, and carbotrap was

tested as a control. Alumina and silica are both solid Lewis Acids, or electron pair
acceptors. They were chosen because it is well know that acid catalysis speeds

dehydration reactions. The catalytic converter was housed in a 15 cm 1/8 in. outer
diameter silcosteel tube. Silcosteel tubing is coated on the inside with silica glass which

relatively non-reactive. Each tube was packed with 30mg of catalyst followed by a
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section of glass wool packing on both the effluent and influent ends. Swagelok fittings
were used to connect the converter to the rest of the apparatus. The converter was heated
to 300 °C by using an aluminum block heated by a heating element and controlled by a
temperature controller. The converter assembly was placed in line after the dilution

system and before the Tenax cartridge. The experiment was conducted using 5.7 ppbv
isoprene and MBO dilutions. As before, samples of 500mL were taken, and the Tenax

TA cartridges were desorbed on the GC-FID and the chromatograms were analyzed. The
flow rate through the converter was measured using a flow meter set up on a vent after

the converter. It was found that Alumina converted 100% of MBO to isoprene, although

silica had a higher flow rate through the converter. Because of these findings, focus was
placed on alumina.

To achieve a higher flow rate through the converter, a converter in a 1 /4th in.

silcosteel tube was constructed and used 60mg of Alumina. Also a compression spring

on the elution end to keep the packing and catalyst from blowing out was incorporated.
The conversion of this cartridge was tested using the same method of as the 1 /8th in.
converter. However, the flow through the converter was restricted to 2.00L/min. A l/8th
in. silica converter was created by the same process as mentioned before and ran similar

tests to that of the alumina experiments including conversion flow rate tests and

adsorption or sample loss tests.
The sampling apparatus was reformatted so that the converter effluent could be

sampled directly into the FIS (Fig 3). The FIS (model 1998), a chemiluminescence-based
instrument, was used to make isoprene flux measurements. When the instrument is in

sample mode air is drawn into the instrument at the inlet at a flow rate set by the “Total”
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MFC inside the FIS. The total flow is set to within 0.3 sLpm of its total capacity, which

was usually at 3.4 sLpm. Half of this flow is diverted to the reaction cell where isoprene
in the air reacts with ozone (O3) to produce a chemiluminescent species that fluoresces at

a certain wavelength. The photons emitted in the reaction are channeled into a

photomultiplier tube, and photon counts per tenth of a second are recorded. Photon
counts are directly proportional to isoprene concentration. Thus the concentration of

isoprene in the atmosphere can be calculated from a calibration curve. Several internal
calibrations of isoprene on the FIS using its internal dilution system was run, and then
used the external dilution system to calibrate the FIS for both isoprene and MBO.
Several calibrations of isoprene and MBO were done to see what percent the MBO signal

was compared to the signal of isoprene. Then external calibrations were run with the

external dilution system to determine if the calibrations matched. Finally several
different concentrations of MBO were run through the converter at 300 °C for durations
of 5 min at a total flow of 2.0 sLpm.
To ensure that catalytic converter was responsible for 100% of the conversion, a

new inlet was constructed that allowed the cartridges to be bypassed. Sampling by

volume still took place, but instead of sampling onto a Tenax cartridge, sampling took
8

place at 20sccm through a cryotrap cooled to -180 °C by liquid nitrogen. Using a 1.8L

volume 172.7torr of sample was talem equating to 500 ml. When the sampling was
complete, the trap was heated to 200 °C in approximately two seconds. This desorbed the

analyte from the trap and onto the column. A new 60mg alumina converter along with a

lOOmg converter was tested.
To determine the converter’s sample flow rate, a mass flow meter was placed in

line between the dilution system and the converter. The Mass Flow Meter (MFM) was
then connected to a digital readout. In this way the flow rate through the converter at

different temperatures, and for different amounts of packing and catalysts could be

obtained.
To determine if there was any loss of MBO/isoprene during the conversion, the

set up the following experiment was set up. 5.7ppbv std MBO was passed through the
converter at 300 °C at its maximum through converter flow rate. This concentration of

standard was run through the converter for 10 minutes, and then the standard flow was
cut off so that only zero air was flowing through the converter. After 30 seconds, 500mL

of zero air was sampled to see if there was any MBO/isoprene that had come off the
converter 30s after the standard gas had been switched off. This procedure was then

repeated for time intervals longer than 30s.
Finally, both the FIS and GC-FID were used in conjunction to run further tests on
the amount of sample loss. It could be seen from the GC-FID experiments whether or not

conversion had taken place by measuring the peaks from the standard isoprene and MBO
converted to isoprene.
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An MBO converter switching mechanism was devised so that the converter could

be used outside (Fig. 4), and so that isoprene could be sampled directly. In this mode the
FIS draws air though the MBO converter box inlet. In the meantime, a pump kept air

flowing through the hot converter. When the converter box was switched to a second
mode, air was sampled through the converter. In this way the differences in the two

mode’s FIS signal can be used to find the concentration of MBO.
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Results and Discussion

MBO Converter Viability
I propose an instrument that can fully convert MBO to isoprene in real time with a

flow rate of over 2.00 sLpm. As a precursor to the final results, the hydrocarbon sieve

experiment was completed to determine which sieve type converted the least MBO to

isoprene. The response factors for MBO with reference to isoprene for the FIS and GCFID was also determined. Next, I determined which 1/8 inch OD catalytic converter
material converted the greatest percentage of MBO to isoprene. Finally, a l/8th inch
MBO retention test was completed.

Carbon Sieve Conversion Experiment
In this experiment, three cartridge types were tested to determine which converted

the least amount of MBO to isoprene (Fig. 5). The Tenax cartridge had the lowest

Percent MBO not Converted

Figure 5. Percent MBO not Converted to Isoprene for
Different Carbon Sieve Types
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percent (96.8%) MBO not converted while Carbotrap passed 88.6% of MBO through

without conversion. The Air Toxic cartridge converted the most (86.3%) MBO to

isoprene. The lowest conversion cartridge type is advantageous in experiments focused
on the catalytic converter’s ability to convert MBO to isoprene. Thus, Tenax was chosen

to collect elution from the catalytic converter because it converted the least amount of
MBO to isoprene of the cartridge types that were tested.

Only Carbotrap is of known content. It is made of the charcoalizing the hulls of
bananas. This charcoal must still be rich in carbon and perhaps has several metal oxides

as impurities; this may explain its propensity for MBO conversion. The contents of Air
Toxic and Tenax cartridges are proprietary information. Yet, like Carbotrap, they each

have two adsorption beds, one that geometrically traps C5 and smaller compounds, and
one that trap C6 and longer compounds. Tenax, which converted the least amount of

MBO to isoprene, also required the lowest desorption temperature of all traps.

GC-FID Response Factor
Because of the way the GC-FID analyzes samples, equal concentrations of
isoprene and MBO gave different areas under the peaks of MBO and isoprene. The
average area under the peaks for a 6.38ppbv standard of MBO and isoprene are 127.9,
and 112.7 respectively. This means that the response factor of MBO with respect to

isoprene is 88.12% (Table 1). The response factor is used any time the area of MBO

needs to be normalized with that of isoprene.
The response factor is due to the polarity of the analyte. Since MBO is more
polar than isoprene, it should be expected that the FID signal should be less than that for
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isoprene when MBO and isoprene are of the same concentration. The response factor for

MBO relative to isoprene was 88.15%, and this is similar to other reported results5

Table

1. FID Response Factor Between MBO and Isoprene

MBO

Isoprene
Sample #
1
2
3
4

Average
STDEV
STD %

Sample #
1
2
3

Area
127.3960
128.1418
127.9745
128.0865
127.8997
0.3429
0.2681

Average
STDEV
STD %

Area
111.2990
113.3512
113.4576

112.7026
1.2167
1.0796

FID Response Factor (Area MBO/Area lsoprene)*100

= 88.12

FIS Response Factor
The FIS response factor for MBO is an important variable because shows that the

FIS detects a certain fraction of the MBO that enters it. Thus when a signal is obtained
from pine forest air in which MBO is present some part of the FIS signal is due to that

MBO. When MBO calibrations were run, the isoprene calibration slope held nearly

constant and was reported at 51.78. Next, five, five-point calibrations were performed

with concentrations ranging from 0 ppbv to 31.4 ppbv for MBO (Fig 6). The average of

these slopes was 3.65. The FIS response factor for MBO with respect to isoprene is thus
7.05% (Table 2).
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Table 2. MBO Response Factor Determination
FIS Response Factor Determined by the Equation
(Slope MBO/ Slope Isoprene) *100

Calibration #
1
2
3
4
5

Slope
3.72
3.63
3.74
3.45
3.71

Average
STDEV
STD%

3.65
0.121
3.31

Slope of Isoprene Calibration
51.78

Figure 6. Sample MBO Internal Calibration. This is
the fifth in a series of five MBO calibration curves
using the FIS.

FIS Response Factor = 7.05

One key aspect of the FIS is its response factor to VOCs other than isoprene. In
fact, it has been shown that MBO has a response on the FIS1,2. This information is very

important because in the forest both MBO and isoprene are present in the boundary layer.

Knowing the response factor of MBO makes it possible to calculate the concentration of
MBO in the atmosphere based on the FIS signal for ambient air vs. air that has gone

through the catalytic converter. The response factor of 7.05% differs from that reported
by Hills and Guenther2’ that the response factor of MBO relative to isoprene was 15%.
One reason for the discrepancy in values may be because I used a more recent model of

the FIS. The discrepancy may also be due to the flow rate, as the FIS is more sensitive at
higher flow rates.

Alumina
The purpose of this experiment was to quantitatively analyze the conversion of

MBO to isoprene including the calculation of standard deviation, and percent conversion
14

of five standards at 6.38ppbv and 25.5 ppbv. Three 1/8 silcosteel catalytic converters that
contained 30mg of the catalysts alumina, silica, and carbotrap, were prepared and five
runs were performed. An adequate blank for carbotrap could not be produced even after

extensive catalyst cleaning. The presence of several large coeluting peaks covered the

isoprene and MBO elution areas. Therefore, carbotrap was omitted from this experiment.

Alumina converts 100% MBO to isoprene while silica converts only 98.31% (Figs. 7 and
8). The area of five isoprene runs was averaged and both the standard deviation and

percent standard deviation were determined (Tables 3 and 4). Since MBO was not

CO
gr
N

Figure 7. 30mg Alumina: 6.38ppbv MBO
Conversion Test. 100% Conversion of MBO.

Figure 8. 30mg Silica: 6.38ppbv MBO
Conversion Test. 98.31% conversion of MBO.

detected, the conversion of MBO was complete (100%). The isoprene area average was

14.1 area units and the standard deviation was 0.8 giving a percent standard deviation of

5.7 area units. Regarding the 6.38ppbv sample set for silica, the statistical data are quite
conformational regarding precision with a standard deviation percent at 0.45% for
isoprene and 2.56% for MBO, and average of 22.4, and 0.4, respectively. The average,
standard deviation, percent and standard deviation for the five runs on each converter
type were determined (Tables 3 and 4).
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Table 3. 30 mg Alumina Conversion Results

Tenax Cartridae
B22642
B22811
B24053
B24076
B23387
Average
Std. Dev.
STDev%

Peak Area
IsoDrene
MBO
14.0316
ND
15.3744
ND
14.1503
ND
13.3189
ND
13.5283
ND
14.0807
0.8010
5.69

Table 4. 30 mg Silica Converter Results

Tenax Cartridae
B23891
B22391
B24053
B23387

Average
Std. Dev.
STDev %

NA
NA
NA

% Conversion = (Area MBO/Area isoprene)*100

Peak Area
Isoprene
MBO
22.5355
0.3898
22.3021
0.3802
22.3507
0.3740
22.4021
0.3962
22.3976
0.1006
0.45

0.3851
0.0099
2.56

% Conversion = (Area MBO/Area isoprene)*100

=98.31%

= 100%
ND = Not Detected
NA = Not Applicable

The 25.5ppbv standard runs were also successful. In this set of five cartridges,
none showed signs of a MBO peak. An average area of 57.9 was obtained for isoprene,

and a standard deviation percent of 6.54, which is a little higher than that of the 6.38 ppbv

studies.

Between carbotrap, alumina, and silica, it was found that for the 30mg 1/8 inch

catalytic converters, alumina and silica performed the best while carbotrap never
produced a clear chromatogram at the blank level. Alumina converted at 100% for the

6.38 ppbv standard. However, silica had less than 100% conversion. The flow rate
through the converter was much higher, (both the alumina and silica converters were set

at 350 seem, however, silica could have a greater flow potential). In this experiment the
100% conversion needed to fulfill the characteristics a MBO conversion instrument was
demonstrated. However, before the hypotheses of full conversion can be accepted a flow

rate through the converter to be greater than 2.0 sLpm must be obtained.
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Isoprene Retention
To find the percent retention, the blank isoprene area for each individual cartridge

was subtracted, and then this area was subtracted from the sample isoprene peak obtained
with the same cartridge. For example, the area of isoprene for blank cartridge B24053

was subtracted from the area of all the standards that used B24053. Previous isoprene
precision data was used for the known area of the isoprene peak, and corrected these data

for the blanks. The percent retentions for various time increments were obtained (Fig 9),

Figure 9. Isoprene Retention Test. No decreasing % retention trend
emerges as the converter has a greater zero air evacuation time (Time
Elapsed)

(time increments could were not feasible under 20s), by dividing blank corrected isoprene
areas at each increment by the known isoprene area. It was found that the highest percent

retention was 1.62%, and that there was no correlation between percent retention and the
time elapsed. This small amount of retention (1.62%) is deemed insignificant. Also, it

was expected that there would be a relation between the time elapsed and the area of
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isoprene observed. However, no trend could be seen over time. In addition no

assumptions on adsorption can be made at less than 30s.

1/4 in. Converters
The 30 mg converters, although offering full conversion with alumina and nearly
full conversion with silica, were tested with a maximum flow rate of 350sccm or 0.35

sLpm. The next sections refer to the second generation catalytic converters, those made
from % inch silcosteel and having 60 -100 mg of either alumina or silica. The elution of

these converters was not trapped in a cartridge but rather was trapped directly onto a
cryotrap that, when flash heated, does not convert any MBO to isoprene, unlike the
Tenax cartridges that convert 3.2% MBO to isoprene.

Full Conversion with a 3.69sLpm Flow Rate
The following experiment shows that there is full conversion with a 1/4 in 60mg
alumina converter with flow of 3.69sLpm, and serves as an example of the silica
converter as well. The blank lacked both isoprene and MBO peaks as expected (Fig 10).

For the 6.38ppbv standard for MBO the isoprene peak was not detected and the area of
the MBO peak was 113.25 (Fig 11). For the 6.38ppbv isoprene standard, MBO was not
detected, and the area of isoprene was 127.97 (Fig 12). The response factor of these data

points is then found from the equation: (113.25/127.97)*100 = 88.6%.

This response factor was within one standard deviation of the response factor shown
previously (88.1%). In the 6.38ppbv MBO to isoprene conversion test, MBO was not

detected, which implied complete conversion of MBO to isoprene (Fig 13). However, it
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MB°
MBO peak not detected
Isoprene peak not detected

Figure 10. 60mg Alumina: Blank. MBO
to isoprene conversion test blank at a
3.69sLpm through converter flow rate.

Figure 11. 60mg Alumina: 6.38ppbv MBO
Standard. MBO to isoprene conversion test at
3.69 sLpm through converter flow rate.

Figure 12. 60mg Alumina: 6.38ppbv Isoprene
Standard. MBO to isoprene conversion test at
3.69sLpm through converter flow rate.

Figure 13. 60mg Alumina: 6.38ppbv MBO to
Isoprene Conversion Test. 100% conversion of
MBO observed.

should be expected that the isoprene peak would mirror that of the isoprene standard. Yet
the isoprene peak only had an area of 76.64, or 60.0% of the standard amount. This
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percentage is called the percent retention and either comes from sample loss or retention
in the catalytic converter.
A similar test was done with a lOOmg 1/4 inch silica converter which had a flow

through rate of 2.12sLpm. This converter also had a 100% conversion rate. Its percent
retention was a little less at 25%, meaning that its isoprene area was only 75% of the

standard. Concurrent experiments with the FIS showed that percent retention of the
alumina, and silica converters were within several percentage points of those measured
with the GC-FID.

In light of the lOOmg and 60mg alumina converters it was found that 100%

conversion is possible with 2.12sLpm and 3.69 sLpm at a temperature of 300 °C. The

fact that sensitivity of the FIS had a threshold around 2.00 sLpm through the converter
was confirmed. Inlet sampling rates below 2 sLpm (1 sLpm through the reaction cell)
were confirmed to yield the FIS too insensitive for field work. If the FIS is too

insensitive it will not be able to discern between the concentrations of up and down

eddies, which increases the confidence intervals associated with the data. Through these

experiments it was concluded that 100% conversion had occurred at throughputs of
greater than 2.00 sLpm at a concentration three times that found in a MBO forest, or
63ppbv.

It was concluded that only 60%, and 75%, of the 100% converted MBO sample

made it to the GC-FID and the FIS respectively. I also found that the converter was not
converting in real time in that quick changes in concentration produced slow change in

the FIS output, and in some cases took over an hour to fully elute. This conclusion is
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supported independently by both FIS and GC-FID results, so the problem must not be
due to sample loss in the FIS or GC-FID, but in the dilution system.

Several things could be happening that could be interpreted as sample loss. First

there may be additional side chain reactions or by products other than isoprene that form
and are not seen on GC-FID chromatograms. However, combustion is unlikely because

of the relatively low temperatures involved for the reaction. If the isoprene or MBO were
adsorbing to the sides of the tubes, there should be a breakthrough volume in which after
a period of time there would be no sample loss. By running experiments for more than a

day, as was done in this experimentation, it could be seen if adsorption breakthrough

could be obtained. It is also possible that isoprene or MBO could be adsorbing onto the
catalyst itself. A lOOmg silica converter was also created and converted 100% at 2.3

sLpm. In this case the sample loss was only 25%, meaning that only 75% of the
converted isoprene made it to the readout. For these reasons the third hypothesis that
seeks to determine if a real time MBO to isoprene converter can be produced cannot be
confirmed when using alumina and silica as catalysts. There is still hope that this

problem can be resolved, as it is the last key in building a field-ready MBO converter.
More investigation is necessary to determine where the sample loss is occurring. Also,

several other catalysts could be tried to see if similar problems arise.
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Future Work
Several experiments still need to be done to pinpoint the exact cause of the sample
loss. A GC-MS could be used to elucidate possible reaction by products if there are any.

It was previously seen that no additional peaks show up in the chromatogram between the
isoprene or MBO standards and the conversion chromatogram. Additionally all

plumbing could be replaced and shortened to investigate sample loss. In this way the
problem of sample loss or retention can be addressed.
It has been shown that water vapor lowers the sensitivity of the FIS1,3. All of the

experiments done involved the use of zero air and standards where the humidity was
negligible. Experiments with added humidity are possible in our lab, and specific

amounts of humidity can be added. Since water is a product of the dehydration reaction

adding water may drive the equilibrium further to the reactants side, and thus may lower
the percent conversion. Alumina is hygroscopic so additional water vapor may

temporarily block active sites on the catalyst. Finally I wish to continue working with the
MBO switching mechanism once a suitable catalyst is found. The switch time and other
parameters must be worked out. Once an adequate converter system is in place, real

world experimentation can ensue.
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Conclusion
MBO flux could be measured using the eddy covariance method, if a real time
detector could be engineered. The key to such a apparatus would be the catalytic

converter that would convert MBO to isoprene in real time. In testing this apparatus it
has been shown that if thermal desorption technique is used Tenax TA works best for
adsorbing the converter effluent. For MBO to isoprene conversion alumina has only a

slight advantage in converting MBO to isoprene, but the silica used allowed for a higher
flow rates. Overall there has been shown that the 100% conversion of MBO to isoprene

is possible at flow rate of 3.69 sLpm using a 60mg acidic alumina converter. Thus the
FIS has enough sensitivity to measure MBO flux because the flow rate through the

reaction cell is 1.85sLpm and because 100% conversion was achieved.
It has also been shown that 25-40% of the MBO going into the converter is not

detected by the FIS or the GC-FID. Also the response time for abrupt changes in MBO
concentrations was deemed unacceptable for field studies because the response time was
greater than the average eddy time. These two observations need to be studied further

before the task of converting MBO to isoprene in real time using alumina or silica is

abandoned.
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